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RESULTSOF SRB SEPARATIONTEST USINQ THE 0.010

SCALE SSV MODEL 75-0TS IN THE AEDC VKF

TUNNELA (IA143)

by

J. J. Daileda and J. Marroquin

ABSTRACT

An experimental investigation (Test IAlh3) was conducted in the

AEDC/VKFTunnel A from November 8 through November 13, 1976. The

objective of this test was to complete data voids in the SRB separation

aero data base for both BSM plume-on and plume-off conditions. These

data voids were primarily at negative _ initial separation conditions.

Six-component force and moment data were obtained on the 0rbiter/ET, and

h-component force and moment data were obtained on the right SRB. BSM

plumes were simulated with high pressure nitrogen exhausting through

specially designed nozzles.
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SYMBOL

AEDC

bref

BSM,BSRM

CA

C!

Cm

Cmj

CmT

Cn

Cnj

Cn T

CN

CNj

CNT

Cref

Cy

cyj

CTS

PLOT

SYMBOL

BEEF

CA

CBL

CLM

ClMJ

CIMT

CYN

CYNJ

CYNT

CN

CNJ

CNT

CREF

CY

CYJ

CYT

NGMENCLA_dRE

DEFINITION

Arnold Engineering Development Center

reference span, in.

booster separation motor

axial force coefficient

body axis rolling moment coefficient

pitching moment coefficient

pitching moment coefficient due to BSM thrust

pitching moment coefficient due to both BSM

thrust and aerodynamic effects

body axis yawing moment coefficient

body axis yawing moment coefficient due to BSM
thrust

body axis yawing moment coefficient due to both

BS4 thrust and aerodynamic effects

normal force coefficient due to aerodynamic loads

normal force coefficient due to BSM thrust

normal force coefficient due to both BSM thrust

and aerodynamic effects

reference chord, in.

side force coefficient

side force coefficient due to BSM thrust

side force coefficient due to both BSM thrust

and aerodynamic effects

captive trajectory system



SYMBOL

ET

ref

M
oo

MRP

m

P

Po

P_

Pj

Ps

Pb/P_

Pbl/P_

Pb2/P_

Pc/P_

Pcaf t

Pcfw d

Ap

qoo

PLOT

SYMBOL

LREF

MACH

MDOT

PA

PO

PINF

JET PC

PS

PB/PF

PBI/PF

PB2/PF

PC/PF

PCHA

PCHF

DELP

QINF

NOMENCLATURE (Continued)

DEFINITION

external tank

reference length, in.

freestreamMach number

moment reference point

total mass flow measured by venturi,

lb. mass/sec.

pressure in supply line to venturi, psia

tunnel stilling chamber pressure, psia

freestream static pressure, psia

chamber pressure of simulated BSM jets,)psia(identified a'_ "Jet Press" on table_ll.

pressure in supply line to BSM, psia

SRB base to freestream static pressure ratio

orbiter base to freestream static pressure ratio

orbiter base to freestream static pressure ratio

orbiter chamber to freestream static pressure

ratio

aft chamber pressure in SRB, psia

forward chamber pressure in SRB, psia

pressure differential between throat tap and

supply line on venturi used to measure mass

flow to BSM, psia

freestream dynamic pressure, psia



SYMBOL

Re/ft

Sref

SRB

SSV

T 1

T2

T a

To

Too

VKF

XMRPo/ET

x u'sm 3

Xo

Xs

PLOT

SYMBOL

RE/L

SREF

TI

T2

TA

TO

TINF

XMRP

XMRP

XO

XS

NOMENCLATURE (Continued)

DEFINITION

unit Reynolds number, per foot

reference area, ft.

solid rocket booster

space shuttle vehicle

temperature of air to left SRB, OF

temperature of air to right SRB, OF

temperature of air supplied to venturi, OR

tunnel stilling chamber temperature, OR

freestream static temperature, °R

von Karman Facility

longitudinal location of mated orbiter/ET

MRP, in. XT

longitudinal location of SRB MRP, in X
s

orbiter longitudinal station, in.

SRB longitudinal station, in.



SYMBOL

YI_S_

Yo

Ys

zm

Zt_SttB

Z o

Z s

o/_,

o_ SRB

 o/m

1t a

8 BF

8
e

Ax

Ay

PLOT
SYMBOL

XT

YMRP

YO

YS

YT

ZMRP

ZMR?

ZO

ZS

ZT

ALPHA

ALPHAB

BETA

BETAB

AILRON

BDFLAP

ELEVON

X

Y

NGMENCIA%NJ-RE (Continued)

DEFINITION

ET longitudinal station, in.

lateral location of mated orbiter/ETMRP, in. YT

lateral location of SRBMRP, in. Ys

orbiter lateral station, in.

SRB lateral station, in.

ET lateral station, in.

vertical location of mated orbiter/ETMEP, in. ZT

vertical location of SRBMEP, in. Zs

orbiter vertical station, in.

SRBvertical station, in.

ET vertical station, in.

mated orbiter/ET angle of attack, deg.

SRB angle of attack, deg.

mated orbiter/ET angle of sideslip, deg.

SRB angle of sideslip, deg.

aileron deflection angle, deg.

body flap deflection angle, deg.

elevon deflection angle, deg.

longitudinal displacement of SRB nose parallel

to the XT axis from its mated position with the
orbiter and ET, position downstream, in.

lateral displacement of SRB nose parallel to

the YT axis from its mated position with the
orbiter and ET, position to port, in.



NOMENCLATURE (Concluded)

SYMBOL

AZ

As

AS

PLOT

SYMBOL

DALPHA

DBETA

PHI

DEFINITION

vertical displacement of SRB nose parallel to

the ZT axis, from its mated position with the
orbiter and ET, positive down, in.

incremental angular difference between O/ET

and SRB in pitch plane, degrees;

As = aSRB - dO/ET

incremental angular difference between O/ET

and SRB in yaw plane, degrees;

A8 = 8SRB - 80/ET

model roll angle, degrees, positive right wing
down
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INTRODUCTION

The space shuttle solid rocket boosters (SRB's) have small separa-

tion motors (BSM's) in the conical nose region which fire during separa-

tion sequence. A series of three wind tunnel tests was conducted in the

AEDC/VKFTunnel A on a 0.010 scale model of the space shuttle configura-

tion during SRBseparation, with BSMfiring simulated with cold jets,

to obtain proximity force and momentdata for the orbiter, external tank

and SRB's. This report presents results from the third test, conducted

from November8 through November13, 1976. Results from the first test

(IA40) are given in reference i while reference 2 presents the second

test (IA142) results.

The primary objective of IA143 was to complete data voids in the

SRBseparation aero data base for both plume-on and plume-off conditions.

The data from this test, when combinedwith previously obtained plume-off

data (tests IA87 and IAIII) and plume-on data (tests IA40 and IA142),

provide adequate meansfor extending, either through extrapolation or

interpolation, coverage to all separation conditions boundedby the limits

aO/T = ± 15° and BO/T= ± 150.

IA143 was conducted with a single SRBseparating from the orbiter/

external tank configuration. The orbiter/ET was sting-mounted through

the base of the orbiter of the Tunnel A primary support system. The

right SRBwas similarly mountedfrom the captive trajectory system (CTS)

L



INTRODUCTION(Concluded)

sting. High pressure nitrogen was supplied to the SRBfor booster

separation motor (BSM)plume simulation.

The majority of the test was run at a Machnumberof 4.5 and unit

Reynolds numberof 1.57 x 106 per foot. However, somedata were

obtained at Machnumbersof 4.0 and 5.0 (using a constant dynamic pres-

sure for all Machnumbers) to determine jet-on Machnumbereffects.

Other test variables included orbiter/ET angle of attack and sidesllp_

SRBangle of attack and sideslip relative to the O/ET; vertical, longi-

tudinal and lateral displacement of the SRB's from the mated position;

SRBroll angle; and BSMplenumpressure.

A six-component balance was used to obtain force and momentdata

on the orbiter/ET; a four-component flow-through balance was used to

measureSRBforces and moments. Onebalance cavity pressure and two

base pressures were measuredon the orbiter/ET; one base pressure was

measuredon the SRB.

I0



CONFIGURATIONSINVESTIGATED

The model was a 0.010 scale representation of the Space Shuttle

launch vehicle, designated as Model 75-0TS. A model 72-0 wing was used

for simplicity because it wasnot instrumented as was the 75-0 wing;

otherwise, it was identical to the 75-0 wing. The wing represented a

140A/B configuration. The orbiter fuselage represented a 140Cmodified

configuration. The external tank model was built to VC78-000002lines

with an isentropic nose spike. SRBmodels were built to VC77-000002

lines to represent a modified vehicle 5 configuration. Figure 2a shows

the mated configuration. Figure 2b shows the orbiter configuration.

Figures 2c through 2f show the external tank configuration and its pro-

tuberances. Orbiter to tank attach hardware and feedlines are shownin

Figures 2g through 2i. The SRBis shown in Figure 2j. The models were

fabricated from stainless steel and aluminum.

The mated orbiter and external tank were mounted on the tunnel

modified primary support system using the Rockwell International water

cooled strut W-III5S, which allowed manual changes of pitch and yaw

angles of the inverted orbiter/external tank. The orbiter was mounted

on the 0.85-inch diameter AEDC 4.00-Y-36-049 balance. The balance was

mounted in the forward position in the orbiter (balance center at

X o 7.670) for the entire test.

The SRB was installed on the AEDC VKF captive trajectory system by

means of the AEDC 4.00-Y-34-065, four-component flow-through balance.

Figure 2k shows a sketch of the model installation.
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CONFIGURATIONSINVESTIGATED(Continued)

Booster separation motors consisted of two four-nozzle clusters,

located at the forward and aft ends of the SRB, as shown in Figure 2j.

Each nozzle was supplied wlth high pressure nitrogen through a common

plenum for each cluster. The plenumwas designed to provide simultaneous

firing of the forward and aft nozzles with identical plenum pressures.

Nozzle internal contours were designed to provide plumes simulating full

scale plumes. External contours were madeto maintain similitude with

full scale contours.

The two balances were calibrated by AEDCprior to the test. In-

tunnel check loadings were performed after installation to insure total

measurementsystem integrity. All transducers and thermocouples used to

measurebase, cavity, sting, model plenum pressure and mass flow were

calibrated prior to the test. A calibration of balance forces and

moments and mass flow as functions of sting pressure was performed for

the right SRB. This calibration yielded thrust tares for the balance

components and the average thrust for the BSM nozzles. Thrust tares and

thrust/Jet calibration are presented in Figures 21, 2m and 2n.

The orbiter model was designated as ORB, where:

ORB = B62 C12 Eh4 F10 M16 R 5 N89 Nlo B V 8 Wll 6

The individual orbiter components were defined as follows:

12



CONFIGURATIONS INVESTIGATED (Continued)

Component

B62

C12

Ehh

FIO

MI6

N89

NI03

R5

v8

, Wll 6

where:

Component

AT28

AT130

AT131

FLIo

FLII

FRIo

Definition

Body

Canopy

Elevon

Body Flap

OMS Pod

(MS Nozzles

MPS Nozzles

Rudder

Vertical Tail

Wing

Reference Drawing

VL70-O00140C -202C, -205A,

-200B, -20BA

VL70-O001_0C -202B, -20h

SAS/AERO/73 -3hh

VLTO-O001_OC, VL70-355114

VLTO-O08_OI, VL70-008410

SS-AOI279

SS-AOI687

VLTO-OOOI_6B, VL70-000095

VLTO-O001_OC, VLTO-0OOI_6B

VL70-OOOI_OA/B, VL70-O00200

The external tank was designated as ET, where:

ET = T35 AT28 AT130 AT131 FL10 FLll FRIO FRl& FR15 FR16 FR17

FRI8 FR19 PT23 PT25 PT26 PT29 PTB3 PT39

Description

Aft O/ET attach structure per VL78-000063, VL78-000062B

Forward O/ET attach structure, per ICD-2-00001, Rev. B

Aft O/ET attach structure cross-member, per ICD-2-00001_

Rev. B

I/42 feealine per VLT8-OOOO6B, VL78-OOOO62B, VC78-000002

LO 2 feedline pe r VL78-00006B, VLTS-OOOO62B, VC78-000002

Fairing, per VL78-O0006B, VL78-OO0062B, Martin-Marietta

82600207000, VC78-000002

t3
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CONFIGURATIONS INVESTIGATED (Continued)

Component

FRI4

FRI 5

FRI6

FRI 7

FRI8

FRI 9

PT2 B

PT25

P726

PT29

PTBB

PTB9

TB5

Description

ET nose cable fairing

ET nose fairing for PT39

LO2 feedline (FLII) fairing

L(>2 antigeyser-line (P723) fairing

Aft electrlcal-condult (P725) fairing

IH2 pressure line (PT33) fairing

LO2 recirculation line per VL78-000063, VL78-OOOO62B,
Martin-Marietta 82600207000, VC78-000002

Aft electrical llne, per VL78-O0006B, VL78-OOOO62B,
Martin-Marietta 82600207000, VC78-000002

L(>2 pressure line, per VL78-000063, VL78-000062B,
Martin-Marietta 82600207000

Electrical conduit, per ICD-2-O0001, Revision B

LH2 pressure line per ICD-2-O0001, Revision B

ET nose probe, per ICD-2-O0001, Revision B

Modified vehicle 5 external Tank per VC78-000002

The solid rocket booster was designated as:

SRB = S2h NI01 NI02 NI06 PS20 PS26 pS27 PS28 PS29 PSsI PSB2

PSBB PSBh PS35

where:

Component

NIOI

Description

Forward booster separation motor nozzle block.

Reference: ICD-2-00001, Revision B (Model Drawing
SS-AO1690).
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Component

_NI02

_io6

PS20

PS26

PS27

PS28

PS29

PS31

PS32

PS33

PS3h

PS35

-_s24

CORFIGURATIONS INVESTIGATED (Concluded)

Description

Aft booster separation motor nozzle block.
Reference: ICD-2-O00OI, Revision B (Model Drawing

SS-AOI690).

SRBNozzle, per VL77-O00066, VC77-OOOOO2A.

Electrical cable tunnel, per ICD-2-00001. Revision B.

SRB aft attach ring, per ICD-2-00001, Revision B.

SR_ nozzle actuator struts, per ICD-2-O0001, Revision B.

Aft booster separation motor fairing, per ICD-2-O0001,

Revision B.

Tiedown struts (4) per ICD-2-OO001, Revision B.

Command antennae (2) per ICD-2-00001, Revision B.

Data capsule camera, per XGD-2-OO001, Revision B.

Intermediate structural rings (3) per ICD-2-O0001,

Revision B.

Aft cable housing, per ICD-2-OO001, Revision B.

Aft structural ring, per ICD-2-O0001, Revision B.

Modified Vehicle 5 Solid Rocket Booster body.
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_T FACILITT DESCI_IPTIOH

Arnold Engineering Development Center (AEDC) is an Air Force

facility located in Tullahoma, Tennessee. The tunnel used, Tunnel A, is

in the yon Karman facility. Englneering and other technical operations

in this tunnel are conducted by contractor personnel of ARO, Inc.

Tunnel A is a 40 x 40 inch continuous closed circuit, variable

density, supersonic wind tunnel with a Mach number range of 1.5 to 6.0.

The tunnel is served by the main compressor system which provides a

wide range of mass flows and stagnation pressures up to a maximum of

200 psia.

The model may be injected into the tunnel for a test run and then

retracted for model cooling or model changes without interrupting the

tunnel flow.
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DATA REDUCTION

Standard AEDC methods for computing tunnel parameters, balance forces

and moments, and model attitudes were used. Six-component force and

moment data were recorded and reduced for the orbiter/external tank

balance. Base and cavity pressure ratios were computed but corrections

were not applied to the balance data. Four-component force and moment

data were recorded and reduced for the SRB balance. Thrust tares were

removed from these data and coefficients were calculated for the SRB

both with and without BSM thrust. One base pressure was measured on the

SRB. Attitude and position locations of both models were corrected for

sting/balance deflections.

The following reference dimensions were used:

Symbol

!ref, Cref,

bref

Sref

XMEPsR B

ZM o/ 

Z_a_SRB

Description

reference length, in.

reference area, ft.2

orbiter/E_ longitudinal location

of MEP, in. XT

SEB longitudinal location of

MHP, in. Xs

orbiter/ET lateral location of

MEP, in. YT

SRB lateral location of MRP, in. Ys

orbiter/E_ vertical location of

MHP, in. ZT

SRB vertical location of MEP, in. Zs

Value

Model Scale Full Scale

lO.97 lO97.0

12.585 1258.5

0.0 0.0

O.O O.O

17



REMARKS

The following test anomalies were observed during test IAI_3:

All plume-on data were obtained using nitrogen rather than air.

Initial thrust calibrations of the BSM nozzles with air were very erratic

and inconsistent. No apparent problems with the air system were iden-

tified, but after the high pressure air had been replaced with nitrogen,

calibrations became very consistent and repeated throughout the test.

Prior to one series of runs during the third shift of the test; the

O/ET was injected into the wind tunnel with the CTS/SRB in the wrong

position. This resulted in a collision of the O/ET with the CTS sting

and the SRB. This collision rolled the O/ET on the balance and put

three large scratches on the left side of the ET surface. The tunnel

was shut down and the O/E_ was removed from the balance. Alignment

between the orbiter and ET was checked and found to be unchanged from

pretest measurements. The scratches were filled with epoxy and the model

was reinstalled and aligned on the balance. The SRB was checked and

found to be undamaged. The test was then resumed after a delay of about

three hours.
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TEST : IA143 I
I

TEST CONDITIONS

DATE •

STAGNATIONTEMPERATURE

(degreesFahrenheit)

112

_ii_

114

MACHNUMBER

5.03

REYNOLDSNUMBEP_

1.33 x 106

1.57" x 106

DYNAMICPRESSURE

(pou_s/sq. inch)

I. 155

i.155

1.82 x 106 i. 155

....

BALANCE UTILIZED: 4.oo-Y-36-oh9 in Orbiter; 4.00-Y-_h-06_* in SRB

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF 200 lbs + 1 lb

SF 200 lbs + 1 lb

AF 50 lbs + .25 los

PM _lO in-lbs + 1.5_ in-lbs

I00 in-lbs -+ .5 in-lbs
RM

YM _lO in-lbs + I._5 in-lbs

COMMENTSJ _ 12.5 los + .63 lbs

-065 I SF 125 Ibs + 63 ibs

PM hSl In-lbs + 2.26 in-lbs

! YM _51 in-lbs + 2.26 in-lbs
@
Four-Component Flow-through Balance.

i
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TABLE III. MODEL DIMENSIONAL DATA

MODEL C(MPORENT: ATTACH STBUCTUEE - AT28

GENERAL DESCRIPTION: Rear orbiter to ET attach structure (left-hand and

right-hand (two members).

MODEL SCALE: 0.010 DRAWING _4BER: VL78-000063, VL78-OOOO62B

Diameter, In.

MEMBER

#I Xo

Yo

#2

DIMENSIONS:

#i

#2

Zo

XT

Xo

Yo

Z o

x_

_LL SCALE MODEL SCALE

1317. oo 13. l?O

- 96.50 (z_) - 0.965

96.50 (_{) 0.965

267.50 2.675

2058.0 20.580

- 96.50 (LK) - 0.965

96.5o (m) o.965

515.50 5.155

1317. o 13.17o

- 96.50 (z_) - 0.965

96.50 (i_{) 0.965

267.50 2.675

1872.0 18.720

- 125.68 (LI{) - 1.257

125.68 (I_) 1.257

50_. 5 5.0_5

11.5 O. zz5

15.5 O. 155

i01
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TABLE III. MOEEL DIMENSIONAL DATA (Continued)

MO_L COMPORERT.

GENERAL IESCRIPTION:

ATTACH STRUCTURE - ATI3 0

Forward orbiter/ET attach structure (2 members

structure ).

MO_L SCALE: 0.010

MODEL DRAWING _R:

_IONS:

Orbiter Attach Point #l

Tank Attach Point
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TABLEIll. M0_L DIMENSIONAL DATA (Continued)

MOE_L COMPONENT: ATTACH STRUCTURE - ATI31

GE_AL _SCSIPTION: Aft orbiter/ET attach structure

MODEL SCALE: 0.010 MODEL DPAWING NUMBER: SS-A01692

_D_fSIONS:

Upper attach point:

ETattach point:

X o

_o

Zo

XT

IT

X_

XT

Xo

Yo

Zo

FULL SCALE
i

_L SC_

iB.17o

•874

2•675

20.58o

•874

6.o_o

20.58o

•140

1.725

13.170

•i_0

2.360
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TABLEIll. M01EL DIMENSIONAL DATA (Continued)

MOIEL COMPONENT: BODY - B62

GENERAL ERSCRIPTION: Configuration 140C orbiter fuselage, MCR

200-R 4. Similar to l_O A/B fuselage except aft body revised and
improved midbody-wing-boot fairing, Xo = 9110 to Xo = 1040.

MO_ELSCAI_: O.010

DRAWING I_N_ER: VLTO-OO014OC, -000202C, -O00205A, -O00200B, -000203A

DIM_fSIONS:

Length (IML. Fwd Sta. Xo=238), In.

Length (CML: Fwd Sta. Xo=235), In.

Max Width (@ Xo = 1528.3), In.

Max Depth (@ Xo = 1_64), In.

Fineness Ratio

Area - Ft2

Max. Cross-Sectional

FULL SCALE MOE_L SCALE

1290.3 12.903

1293.3 12.933

264.0 ' 2.640

250.0 2.5O0

4.899 4.899

3ho.885 .o3_9
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TABLE IYI. M01EL DIMER_IOHALDATA (Continued)

M01EL COMPONENT"

GENERAL ZESCRIPTION"

cabin No. 31 updated to MCR 200-R 4.

CANOPY - C12

Configuration 140C orbiter canopy, vehicle

Used with fuselage B62.

NO_ELSCALE: 0.010

DRAkr£NGNtqqBER: VLT0-000140C, -000202B, -000204

FULL SCALE M01EL SCALE

1_3.3 57 i._34

152.412 i.524

51.61 0.516

D_IONS:

Length (Xo = 434.6_3-578), In.

Max Width (@ Xo = 513.127), In.

Max Depth (Zo = 501 to 449.39), In.
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TABLEIII. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: ELEVON - Ehh

GENERAL _ESCRIPTION: 6.0 in. F. S. gaps machined into E26 elevon.

Flapper doors, centerbody pieces, and tipseals are not simulated.

(Data are for one of two sides).

MODEL SCALE: 0.010

DIMENSIONS:

Area, Ft 2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb' d equivalent chord, In.

Ratio movable surface chord/

total surface chord

At Inb' d equiv, chord

At Outb' d equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingellne

Area Moment (Product of Area & _) Ft3

Mean Aerodynamic Chord, In.

FULL SCALE MODEL SCALE

210. O0 0.O21

3_9.2 3._92

118.0 1.180

55.19 0.552

0.2096 0.2096

o._oo_ o._oo4

0.00 0.00

- 10.056 - 10.056

0.O0 0.00

1587.25 o.00159

90.7 0.907
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TABLE III. MOEEL DIMENSIONAL DATA (Continued)

MOIEL 00MPORERT. BODY FIAP - FIO

GENERAL IZSCRIPTION: Configuration I_3C body flap.

located at Xo = 1532, Zo -238.

Hin6eline

MODEL SCALE: 0.010

DRAWING _: VLTO-000Z40C, V570-35511_

DIM_ISION8:

Length (Xo = 1525.5 to Xo = 1613), In.

Max Width (@ L.E., Xo = 1525.5), In.

Max Depth (Xo = 1532), In.

Area - Ft 2

Max. Cross-Sectlonal (_.L.)

Plan form

Base (xo - 1613)

FuLL SCALE
,,i i

8?.50

256. O0

19.798

35.196

135 .oo

h.89

MO_ ScAyz

0.8?5

2.560

o.198

.00352

.01350
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TABLE Ill. M01EL DIMENSIONAL DATA (Continued)

MO_L C0MPO_T: FEEDLINE - FLz0

GERERAL IESCRIPTION: I/{2 feedline on upper left-hand side of T35.

MODEL SCALE: 0.010

_AWING NUMBER: VL78-000063, VL78-OOO062B

XT

Trailing edge atz XT

ZT

Line diameter (17.0 I.D.)

Centerline of line located radially at _ =

DIMI_IONS:

Leading edge at:

FULL SCALE M01EL SCALE

2071.5 20.715

- 7o.o - o.7oo

573.934 5.739

2081.8 20.818

- 70.0 - 0.700

58_.o59 5.841

18. 160 O. 182
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TABLE III. MOWR.L DIMERgIORAL DATA (Continued)

MOIEL COMPOR'ERT•

GENERAL I_SC'RIPTION:

F2EDLINE - FLII

I_2 feedline on upper right-hand side of T35.

N0_ SCALE: 0.010

_A_rlHO _J_R: _78-00006B, VL78-000062B

DIMI_IONS= , _ SCALE M0_EL SCALE
a,,

Leading edge at: XT 1000.667 i0.007

, TT 70.00 0.700

zT 15o 519 l. 505

Trailing edge at: XT 2071.5 20.715

YT 70.00 0.700

ZT 573.934 5.739

Line diameter (17.0 I.D.) 18.16 0.182

Centerline of line located radially at _ = 113°4 '
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TABLE III. MOI_L DIMENSIONAL DATA (Continued)

MODEL COMPONENT:

Q_NERAL IESCRIPTION:

attach structure.

MODEL SCALE: O.OlO

FAIRING - FRIO

Umbilical door fairimg between aft ET/Orbiter

DRAWING N_MBER:

DIMENSIONS:

Leading edge at

Length

Width

w78-oooo63, wTS-oooo6_m, Martln-_arletta 826oo2o7ooo

xT

FULL SCALE MOIIEL SCALE

2052.0 20.520

193.0 1.930

15.O0 0.150

Component

FRI4

Definition

External Tank nose cable fairing per model
dwg. SS-A01668-5 located at:

Model Scale

XT --3.49o-.3.71o

= 31o31 '

Full Scale

xT --3_9.oo--,,3Ti.oo

= 31o31 '

FRI 5

FRI6

External Tank nose probe fairing per model
dwg. SS-A01668-5 located at:

Model Scale Full Scale

XT = 3.413--.3.710 XT = 341.30 _--J,_._

External Tank LO2 feedline (FII) fairing per model
dwg. SS-A01668-3 located at:

Model Scale Full Scale
mi

XT - 9.82o -_ io.42o Xr - 982.0o -_lOhZ.oo

ii0



Component

FR17

FRI8

FRI9

TABLE Ill. MODEL DIMENSIONAL DATA (Continued)

Definition

External Tank L(>2 antigeyser line (PT2R)
fairing per model dwg. SS-A01668-3. _ocated

Model Scale

XT : 9.860 --,-i0. _0

# = 33045 '

at:

Full Scale

xT - 986.oo---,lO_.OO

= 33°_5 '

External Tank aft electrical conduit (PT25)
fairing per model dwg. SS-A01668-3. Located at:

Model Scale

xT = io. 670--,.1o. 820

# = 37o30,

Full Scale

XT : i067.00--_i082.00

= 37030,

External Tank I_2 pressure line (PT33)
fairing per model dwg. SS-A01668-9. Located at:

Model Scale

XT = 10.600--,-11.269

- 3ooo,

Full Scale

XT = 1060.00 --,.1126.90

¢ : 3o°o,
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TABLE Ill. MDIEL DIMENSIONAL DATA (Contlnued)

MOIEL C0MPONERT: (MS POD - MI6

(}ERERAL IESCRIPTION: Configuration 140C Orbiter (MS Pod - Short pod.

MOEEL SCALE: 0.010

DRAWING NtI_BER: VL70-008_01, VL70-008410

DIMDB_ONS:

Length ((MS Fwd Sta X o = 1310.5), In.

Max Width (@ Xo = 1511), In.

Max Depth (@ Xo = 1511), In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectlonal

FULL SCALE MO_EL SCALE

258.50 2.585

136.8 I.368

74.70 o.747

2. _8_ 2. 484

58.864 0.00589
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TABLE _. M0_L DIMENSIONAL DATA (Continued)

MOIEL COMPONERT: NOZZLES - N89

GENERAL DESCRIPTION: (MS nozzle in stowed position which is outboard

8 deg. and down 7 deg. from null position. Use with MI6.

MOE_L SCALE: 0.010

_%AWING NUMBER: SS-A01279

Length - In.

Gimbal Point to Exit Plane 56.0 0.560

Diameter - In.

Exit (O.D.) 50.0 0.50

Gimbal Point (station) - In.

Xo 1518. O0 15.180

To 88.oo o.88o

Zo 492.o 4.92o

Null Position - Deg.

Pitch 15°49 ' 15°h9'

Yaw 6°30' 6°30'
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TABLE Ill. MOrm.L DIMENSIONAL DATA (Contlnued)

MOE_L 00MPONEBT: SRB_%_D SEPARATION NOZZLE BLOCK - NIO 1

G_ EESCRI]mrION: Fwd Separation Nozzles for Vehicle 5 Con-

figuration Solid Rocket Booster•

MOD_LSCALE: 0.010

DRAWING NUMBER:

DIM_IONS:

Diameter - In.

Exit

Throat

Inlet

Area - Ft2

Exit

Throat

Design Exit Mach No.

No of Nozzles

MODEL DRAWING: SS-AOI699

SCAI_ MD_L SCALE
J

12.12 .ie12

7•o0 O.7O0

7.00 .O700

13° 13°

•8O38 .00008038

.2673 .00002673

2.62 2.6h

h (In two Blocks)

Centeriine of toe two feed nozzles @ Xs 2.852

Centerline of the two aft nozzles @ Xs 3.081

Nozzles canted 20 degrees forward, away from 0/ET
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TABLE Ill. MOEEL DIMENSIONAL DATA (Continued)

M01EL COMPONERT: SRB AFT SEPARATION NOZZLE BLOCK - NIO 2

GENERAL EESCRIPTION." Aft Separation Nozzles for Vehicle 5 Config-

uration Solid Rocket Booster.

MODEL SCALE: 0.010 MODEL DRAWINg: SS-A01690

I_AWING W_fBER:

IrlN_ISIONS: FULL SCAI_

Diameter 12.14

Exit 7.o0

%'nroat 7.00

Inlet iB°

Area, Ft2

MOEEL SCALE
] i i

•1214

.07OO

.0700

13o

Exit .8038 .00008038

Throat .2673 .00002673

Design Exit Mach No. 2.6_ 2.6h

No. of Nozzles _ ( In two blocks)

Centerline of the four (_) nozzles @ Xe18.90 - nozzle mounted on SRB

aft shut, canted 20o aft_ away from 0/_T
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TABLE ll'I. M01EL DIMENSIONAL DATA (Continued)

MODEL COMPONERT: MPS NOZZLES - NIO 3

GENERAL DESCRIPTION: Non-flow through MPS nozzle dummy nozzle -

Same external dim as N87

MOD_ SCALE: O. 010

DRAWING NUMBER: SS-A01687

DIM_B_ONS:

Gimbal Point (Station) - In.

Upper Nozzle
X

Y
Z

Lower Nozzles

X

Y

Z

Null Position - Deg.

Upper Nozzle
Pitch

Yaw

Lower Nozzle

Pitch

Yaw

FULL SCALE

1445.oo
o

443.00

l_68.17
+ 53.o

3_.6_

1.6 °

0o

i0o
0o

MO_L SCALE

l_.45o
0

4.430

1_.682
o.53o
3._6

16 °

0o

i0 o

0o
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TABLE Ill. MD_EL DIMENSIONAL DATA (Continued)

MO_L C_MPORERT" SOI/D ROCKET BOOSTER NOZZLES - NI06

GEN_%_L IRSCRIPTION: SRB nozzle to lines used with $22

MO_EL SCALE: O.010

VCN-0OOOO2D

Diameter, Dax - In.

Diameter, Dax - In.

Area - Ft 2

Oimbal Center Coordinates:

Le_ Nozzle

XB - Cold

xB - Hot
Yo

ZT

Right Nozzle

XB - Cold

XB - Hot
Yo

Null Position - Deg.

Left Nozzle

Pitch

Taw

Right Nozzle
Pitch

Yaw

FULL SCALE

145.64

147.64

115.688

1863.458

1875.358

- 25o.5o
4o0.o

1863.458

1875.358
eSo. 5o
hoo.o

_8

*8

m_L scA_

1._,56

1.4/'6

O.Oll6

18.635
18.754

- 2.505
&O00

1.863

1.875
2.505
&ooo

±8

+8
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TABLE III. M01EL DIMENSIONAL DATA (Continued)

M01ZL COMPORERT _

GENE%_L IESCRIPTION:

circular cross-section with mounting flange.

from XB 15.022 to XB 15. 199.

MOI_EL SCALE: 0.010

IRAWING F4MBER" S8-A01667 & SS-A01690

_0NS:

Length, In.

Tunnel, Depth

Max Width

Max Depth @ L.E.

Radius

Tapes @ L.E.

Radius @ L.E.

SRBPROTt_ERANCE - PS20

Electrical tunnel on SRB side, 300 taper L. E.,

Tunnel discontinued

SCALE M0_L SCALE

138h. 7 13.847

4.30 .o_3

16.90 .169

7.30 .073

8.30 .o83

30° 300

ll._o .ll_
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TABLE III. MOIEL DIMENSIONAL DATA (Continued)

MOEEL OOMPOHERT: SRB PROTUBERANCE - PS26

GEHI%_L I_SORIPTIOW: SRB aft attach point stiffener ring, trimmed and

enclosed from PSI4 , extenda for 292.7 deg. around I_6 in. 8RB

MO_EL SCALE: 0.010

Nt_(Bm_ ¥077-OOOOO2F, ICD 2-000001 Rev. A

DDGmBIONSz

Length, In.

Max Width varies zero to 16.20"

17.7o o. 177

Location _ XB 1511.1 15.111
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TABLE llI. MODEL DIMENSIONAL DATA (Continued)

Component

PS27

Definition

SRBNozzle Actuator Struts, protuberance on

SBB nozzle skirt, defined by ICD-2-O0001, Rev. B

PS28 Solid Rocket Booster separation rocket motor

fairings per model dwg. SS-A01667-38. Located

on SHB skirt aft of rear structural ring at

_ 0-,.360 ° 1_
32_--_360 ° L_

PS29 Solid Rocket Booster tiedown struts located on

SEB skirt per model dwg. SS-A01667-30,

located at:

Model Scale Full Scale

= 18.6o3--,.19.306= 3oo, 15oo, 210 °, 3300 B= 1860.30--1930.60300, 150 °, 210o,330°

Ps31 Solid Rocket Booster command antenna per model

dwg. SS-A01667-28, located at:

Model Scale Full Scale

_ = h.026---4.526= OO & 180o = 402.60--_h52.60= 0o & 180 °
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Component

PS32

TABLE llI. MODEL DIMENSIONAL DATA (Continued)

Definition

Solid Rocket Booster data capsule and camera

per model dwg. SS-A01667-26,

Model Scale

_ = _.017-_ 4.402= 90o l_I
= 270oL_I

located at:

Full Scale

_B = 401.70-_440.20= 90°

= 270o]_

Ps33 Solid Rocket Booster 3 intermediate structural

rings per model dwg. SS-A01667-8, located at:

Model Scale Full Scale

X = 16.559 X = 1655.90

•, 17.319 = 1731.90

--17.760 = 1776.00

PS34 Solid Rocket Booster aft cable housing per

model drawing SS-A01667-12, located at:

Model Scale Full Scale
L, , ,

= 4.726--_18.554 _ = 472.60-_1855.40= 900 _ = 900
= 18OO I_ = 180o I/_
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MOIEL O0MPOR_IT: SRB PROTC_ERANCE - PS35

GER_AL IRSCRIPTION: Ring stiffener located at the point where the

skirt flares, rl_e stiffener is on I-beam.

MODEL SCALE" O.010

I_AWlNG _" 8S-A01690

DIM_IORBz

Height, In.

Length, In.

Location __ XB -

FULL SCALE MOIEL SCALE

7.9 .079

3.0 .o3o

1837.4 18.37_
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TABLE III. MD_EL DIMENSIONAL DATA (Continued)

M01EL COMPORERT: L02 REClRCUIATION LIE - PT23

GERERAL ERSCRIPTIOR: LO2 recirculation line on right-hand upper side

M01_LSCALE: 0.010

DRAWING N_: VL78-000063, VL78-O00062B, Martin-Marietta 82600207000

DIM_rSIONS:

Leading edge at:

Trailing edge at:

Line diameter

FULL SCALE M0_L SCALE
i ,, i

XT 1040.667 I0._07

YT 9_. 169 O,9_2

ZT 5_3.934 5._o9

XT 2062.920 20.629

YT 70.0 0.700

5Ts.9s  .7s9

_.o o.o_o

Centerline of line located radially at _ = 33%5'

(Right of TDC looking forward).
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TABLE III. MOIEL DIMENSIONAL DATA (Continued)

NK)IEL C0MPONERT: EXTE_AL TARKPRO_ES - PT25

GEN_%AL ERSCRIPTION: Right-hand electrical conduit line on T35 with

IH2 pressure sensors line and LO2 vent valve actuator line.

MOD_L SCALE:

I_AWING N_I_B_:

DIMI_IONS:

Leading edge at:

Trailing edge at:

0.010

VL78-000063, VL78-OOOO62B, Martin-Marietta 82600202000

xT 37l.O

8_-r.8

zT 2.ox 6.0
r

Centerline of line located radially at _ = 31°31 '

0.02 x 0.06
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TABLE IYI. M0_EL DIMENSIONAL DATA (Continued)

MOIEL COMPONENT: ELECTRICAL LINE - PT29

GE_ _SCRIPTION: Left-hand electrical conduit line on T35

MD_EL SCALE: 0.010

DD4DrsIoNS: _ SCA_,

Leading edge art XT 371.0

Trailing edge ats XT 847.8

_ SCAI_
• i

Centerline of line located radially at_ = 31°31 '

125



1 39

TABLE III. MODEL DIMENSIONAL DATA (Continued)

Definition

External Tank IH2 pressure line per model
dwg. SS-A01668-9. Located at:

Model Scale

XT - i0.600-_20.580

I 33000 ,

Full Scale

XT = 1060.00-.2058.00

= 33000 '

External Tank nose probe per model dwg.
SS-A01668-5. Located at:

Model Scale

XT I 3.225--,3.&13

Max. Dia. = .069 in.

Full Scale

XT = 322.5--,341.3

Max. Dia. = 6.90 in.
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT:

G_[_IL_ESCRIPTION:

to configuration I_OA/B rudder).

MODEL SCALE: 0.010

DRAWING NUMBER: V]ST0-OO01_6B, -000095

DIMENSIONS:

Area, Ft 2

Span (equivalent), In.

Inb'd equivalent chord, In.

0utb'd equivalent chord, In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of Area and _), Ft B

Mean Aerodynamic Chord, In.

NYDDER -

Oonfiguration lhOC orbiter rudder (identical

FULL SCALE

ZOO.Z5

201.00

91.585

50.833

MODEL SCALE

0.01002

2.010

o.916

0.508

O.bOO

O._-00

O.400

O.4oo

34.83

26.25

3_. 83

610.92

73.2

3_.83

26.25

3_.83

0.000610

0.732
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TABLE Ill. MOI_L DIMENSIONAL DATA (Continued)

MO_L COMPONENT: BO08TER SOLID ROCKET MOTOR - S2h

GENERAL _SC_IPTION: Booster Solid Rocket - modified Vehicle 5

MO_EL SCALE: O.010

DRAWING NUMBER: SS-AO1690

DIMmfSIONS:

Length (Includes Nozzle) - In.

Max. Width (Tank Dia.) - In.

Max Depth (aft Shroud) - In.

Fineness Ratio

Area - Ft2

Max. Cross Sectional

WP of BSHM Centerline (ZT) - In.

FS of BSI_4 Nose (XT) - In.

SCAL_

1789.6

15o.o

208.0

ii.931

236.o

4oo.oo

2O0. O0

MOEBL SCALE

17.8_

l.500

2.o8

II.931

.0236o
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TABLE IXI. MODEL DIMENSIONAL DATA (Continued)

MOmT _MPOWm_. n'm_L mA_ - %5

GEN_ ERSCRIPTION." External oxygen-hydrogen tank per Rockwell

drawings SS-A01692 and SS-A01689, ICD 2-00001 Rev. B

MOIJRI,SCALE: 0.010

II_AWING NUMBER:

D_xo.s, r_L scA_ MO._ sc_,,

Length - In. 18_2.5 18.525

Max Width (Dia) - In.

Fineness Ratio L/D

Max Cross-Sectional, Area - Ft2

W.P. of Tank Centerline (XT) In.

333 3.33

5.56_1 5.5631

60_.81 .060581

4oo.o 4.oo

/- Fm_
/
i

XT 3.605 _
/

/

x_ 3._13

3_za5 xT 1.7zo

ZT 4.00
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MOI_L COMPONENT: IEm_CAL - V8

G_ERAL DESCRIPTI0_ Configuration lhOC orbiter vertical tail

(identical to configuration IhOA/B vertical tail).

MODEL SCALE: O.O10

DRAWING NUMBER: V70-0001400, -OO01h6B

DIMENSIONS: FULL SCALE MODEL SCA/_

TOTAL DATA

Area (Theo.), ft2

Planform 413.153 o.o_13

Span (Theo.), in. 315.72o 3.157

Aspect Ratio 1.675 1.675

Rate of Taper 0.507 0.507

Taper Ratio o.ho4 0.4o_

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line

_5.ooo
16.2

_1.13o

_5.ooo
26.2

4l. 13o

Chords:

Root (Theo.) WP

Tip (Tbeo.) WP
MAC

FUs. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

268.500

lO8._,'ro
199.808
1_63.50

635.522
O. 000

2.685

1.o85
1.998

14.635

6.355
0.000

Airfoil Section

Leading Wedge Angle, deg.

Trailing Wedge Angle, deg.
Leading Edge Radius

i0.000
l_.92o
2.00

i0.000

14.9zo
o.oo8

Void Area 13.17 0.00131

Blanketed Area 0.00 0.000
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONENT: WI]_ - Wl16

GENERAL DESCRIPTION: Configuration 140A/B orbiter wing.

MOTE: Identical to WII 4 except airfoil thickness. Dihedral angle is
along trailing edge of wing.

MODEL SCALE: 0.010 DRAWING NO. : VLT0-OOOI4OA, -000200
DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (_l_eo.), £t 2
Planform 2690. O0 O.2690

Span (Theo.), in. 936.68 9.367

Aspect Ratio 2.265 2.265

Rate of Taper i.177 i.177

Taper Ratio O.209 O.200

Dihedral Angle, degrees 3.500 3.500

Incidence Angle, degrees 0.500 0.500

Aerodynamic Twist, degrees + 3.000 + 3.000

Sweep Back Angles, degrees
Leading Edge 45.000 45.000

Trailing Edge - 10.056 - 10.056

O. 25 Element Line 35.209 35.209
Chords:

Root (Theo.) B.P.0.O. 689.24 6.892

Tip, (Theo.) B.P. 137.85 1.379
MAC 4y4.81 4.?48

* Fus. Sta. of .25 MAC 1136.83 ii.368

W.P. of .25 MAC 290.58 2.906

* B.L. of .25 MAC 182.13 i.823

EXPOSED DATA

'* Area (Theb.), _2
* Span, (Theo.), in. BPI08

* Aspect Ratio

Taper Ratio
Chords
* Root BPI08

* Tip 1.00 b/2
*MAC

*Fus. Sta. of .25 MAC

*W.P. of .25 MAC

* B.L. of .25 MAC

Airfoil Section (Rockwell Mod NASA) XXXX-64

Root b/2 =

Tip b/2 =

Data for (i) of (2) Sides

Leading Edge Cuff_

* Planform Area, ftz

* Leading Edge Intersects Fus M.L. @ Sta

* Leading Edge Intersects Wing @ Sta

1751.50 0.1752

720.68 7.207

2.059 2.059

0.245 0.245

562.09 5.621

137.85 1.379

392.83 3.928

1185.98 n.86o

395.4'9 3.954
251.77 2.518

o.113 o.113
0.120 0.120

113.18 o.on3
5oo.oo 5.ooo
lO24.oo lO.2ho
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APPENDIX

TABULATEDSOURCEDATA

Data are separated into four volumes as follows:

Volume 1--Orbiter balance data, data sets OVX---, pages 1-768
Volume 2--Right SRBbalance data, data sets SVX---, pages 769-1548
Volume 3--Model pressure data, data sets PVX---, pages 1549-2317
Volume4--Tunnel operating conditions, data sets TVX---, pages 2318-3083
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